Do laminated sediment-gravity-flow deposits on the Antarctic Peninsula continental shelf record ice sheet grounding events? by Adams, Vincent Clyde
Louisiana State University
LSU Digital Commons
LSU Master's Theses Graduate School
2009
Do laminated sediment-gravity-flow deposits on
the Antarctic Peninsula continental shelf record ice
sheet grounding events?
Vincent Clyde Adams
Louisiana State University and Agricultural and Mechanical College
Follow this and additional works at: https://digitalcommons.lsu.edu/gradschool_theses
Part of the Earth Sciences Commons
This Thesis is brought to you for free and open access by the Graduate School at LSU Digital Commons. It has been accepted for inclusion in LSU
Master's Theses by an authorized graduate school editor of LSU Digital Commons. For more information, please contact gradetd@lsu.edu.
Recommended Citation
Adams, Vincent Clyde, "Do laminated sediment-gravity-flow deposits on the Antarctic Peninsula continental shelf record ice sheet
grounding events?" (2009). LSU Master's Theses. 3548.
https://digitalcommons.lsu.edu/gradschool_theses/3548
DO LAMINATED SEDIMENT-GRAVITY-FLOW DEPOSITS ON THE ANTARCTIC
PENINSULA CONTINENTAL SHELF RECORD ICE SHEET GROUNDING EVENTS?
A Thesis
Submitted to the Graduate Faculty of the
Louisiana State University and
Agricultural and Mechanical College
in partial fulfillment of the
requirements for the degree of
Master of Science
in
The Department of Geology and Geophysics
by
Vincent Adams
B.S. Spring Hill College, 2006
May 2009
Dedication
To my cousin, Colby Wayne Adams.
ii
Acknowledgements
I would like to thank my advisor, Dr. Philip J. Bart, and the members of my commit-
tee, Dr. Brooks Ellwood and Dr. Ray Ferrell Jr. for their insights and comments. Their
comments have helped the development of this study. Juan Chow, Dr. Lawrence Febo,
Rhonika Robinson, and Dr. Charlotte Sjunneskog helped in developing ideas and providing
personal support. The faculty and staff of LSU Department of Geology and Geophysics kept
everything running smoothly.
In addition, Dr. Joseph Omojola of Southern University New Orleans (SUNO), informed
me about the graduate program at LSU and planted the seed to change my career path to
geology.
This research was funded by the Geoscience Alliance to Enhance Minority Participation
(GAEMP). The principal investigators of this grant were Dr. Ray Ferrell Jr., Dr. Laurie
Anderson, Dr. Philip J. Bart, Dr. Juan Lorenzo, and Dr. Jonathan Tomkin. I would also
like to thank NSF for their continued support of the OPP, DSDP, ODP, and IODP, all of
which made this research possible.
Finally, I would like to thank my parents, family, and close friends for their support and
love through this process.
iii
Table of Contents
Dedication . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ii
Acknowledgements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . iii
List of Tables . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . vi
List of Figures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . vii
Abstract . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . viii
1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
2 Methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7
2.1 Definition of B-L Couplets . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7
2.2 Converting Meters Below Sea Floor (mbsf) to Meters Composite Depth (mcd) 8
2.3 δ18O Records . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
3 Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10
3.1 Stratigraphic Columns . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10
3.1.1 Site 1095 Hole A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10
3.1.2 Site 1095 Hole B . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11
3.1.3 Site 1095 Hole D . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11
3.1.4 Site 1096 Hole A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11
3.1.5 Site 1096 Hole B . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15
3.1.6 Site 1096 Hole C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15
3.1.7 Site 1101 Hole A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15
3.2 Data Comparison . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19
3.2.1 Data Comparison at Site 1095 Holes A and D on Drift 7 . . . . . . . . 21
3.2.2 Data Comparison at Site 1096 Holes A and B on Drift 7 . . . . . . . . . 22
3.2.3 Drift 7 (Comparisons Between Sites 1095 and 1096) . . . . . . . . . . . 22
3.2.4 Drift 7 and Drift 4 (Comparison Between Sites 1095, 1096 and Site 1101) 22
3.2.5 δ18O Record Compared to the B-L Couplets on the Drifts . . . . . . . . 23
4 Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28
4.1 Amalgamation of Glacial Cycles . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29
4.1.1 Lack of Bioturbation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29
iv
4.1.2 Intense Bioturbation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33
4.1.3 The Location of the Drill Site on the Drift . . . . . . . . . . . . . . . . . 34
4.1.4 Change in the Sediment Supply to the Outer Continental Shelf . . . . . 34
4.2 Reproduction of Sites 1095, 1096, and 1101 Stratigraphy . . . . . . . . . . . . . 35
5 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38
Appendix A: Methodology Details . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41
Appendix B: Age Estimation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44
Appendix C: Age Estimation for the B-L Couplets . . . . . . . . . . . . . . . . . . . . . . 46
Vita . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55
v
List of Tables
3.1 B-L Couplets in Coeval Section at Site 1095 Holes A and D on Drift 7 . . . . . 21
3.2 B-L Couplets in Coeval Section at Site 1096 Holes A and B on Drift 7 . . . . . 22
3.3 B-L Couplets in Coeval Section at Sites 1095 and 1096 on Drift 7. . . . . . . . 24
3.4 B-L Couplets in Coeval Section at Sites 1095 and 1096 on Drift 7 and Site
1101 on Drift 4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25
3.5 Comparison of the B-L Couplets to the δ18O Record. . . . . . . . . . . . . . . . 26
C.1 Depth and Age of B-L Couplets for Site 1095 . . . . . . . . . . . . . . . . . . . . 46
C.2 Depth and Age of B-L Couplets for Site 1096 . . . . . . . . . . . . . . . . . . . . 50
C.3 Depth and Age of B-L Couplets for Site 1101 . . . . . . . . . . . . . . . . . . . . 53
vi
List of Figures
1.1 Conceptual Model of Drift Sedimentation During Glacial/ Interglacial Periods 3
1.2 The Pacific Margin of the Antarctic Peninsula . . . . . . . . . . . . . . . . . . . 6
2.1 ODP Leg 178 Core description of Site 1095 Hole A Core 5H . . . . . . . . . . . 9
3.1 Site 1095 Hole A Stratigraphic Column . . . . . . . . . . . . . . . . . . . . . . . 12
3.2 Site 1095 Hole B Stratigraphic Column . . . . . . . . . . . . . . . . . . . . . . . 13
3.3 Site 1095 Hole D Stratigraphic Column . . . . . . . . . . . . . . . . . . . . . . . 14
3.4 Site 1096 Hole A Stratigraphic Column . . . . . . . . . . . . . . . . . . . . . . . 16
3.5 Site 1096 Hole B Stratigraphic Column . . . . . . . . . . . . . . . . . . . . . . . 17
3.6 Site 1096 Hole C Stratigraphic Column . . . . . . . . . . . . . . . . . . . . . . . 18
3.7 Site 1101 Hole A Stratigraphic Column . . . . . . . . . . . . . . . . . . . . . . . 20
4.1 Regional Comparison of the B-L Couplets bewteen Drift 7 (Sites 1095 and
1096) and Drift 4 (Site 1101) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30
4.2 Global Comparison of the B-L Couplets to the Proxy δ18O Curve . . . . . . . . 31
vii
Abstract
Barker and Camerlenghi (2002) proposed that drifts on the continental rise of the Antarc-
tic Peninsula may record a high-resolution record of ice-sheet expansions on the adjacent
continental shelf. In their view, laminated sediments were deposited during glacial periods,
whereas during interglacial periods, sediment supply to drifts was negligible. As a conse-
quence of low sediment supply, the tops of laminated sequences were bioturbated. Therefore,
a bioturbated-laiminated couplet should represent a complete glacial cycle. Bioturbated and
laminated (B-L) sediment couplets were compiled from cores at two drift sites obtained from
Ocean Drilling Program (ODP) Leg 178 Sites 1095, 1096, and 1101. If the hypothesis is
correct, then coeval sections should have the same number of B-L couplets given that glacial
advance to the shelf edge is a major regional event. The comparison shows that the number
of couplets in coeval section is similar for only 14% of the sections evaluated. The number
of B-L couplets was also compared to the number of peak oscillations on δ18O records. The
comparison of the B-L couplets to oscillations on the δ18O record shows that the two cycles
agree for only 32% of the sections compared. The pervasive mismatch in the number of B-L
couplets with coeval sections indicates that the couplets on the drifts cannot be simply asso-
ciated with regional advance and retreat of grounded ice to the outer continental shelf of the
Antarctic Peninsula. Bioturbation on the drifts and/or sediment delivery to the drift lacked
sufficient spatial continuity to create a consistent record of glacial cycles. The mismatch with
cycles on δ18O records likewise shows that B-L couplets on the Antarctic Peninsula cannot




Reconstructing glacial history is usually accomplished using direct and/or proxy evi-
dence. Direct evidence of ice-volume expansion is found on Antarctica continental shelves
in the form of cross-cutting stratal surfaces on seismic data sets (e.g. Bart and Anderson,
1996; Rebesco and Camerlenghi, 2008); (Rebesco and Camerlenghi, 2008). As grounded ice
advances across the shelf to the shelf margin, glaciogenic sediment, e.g., terrigenous, grey
clayey diatom bearing muds are deposited at the ice sheet terminus (e.g. Barker et al., 1999).
During interglacial times, ice retreats from the shelf and pelagic diatomaceous mud accumu-
lates (Barker and Camerlenghi, 2002; Pudsey and Camerlenghi, 1998). Proxy data, such as
oxygen isotope ratios, from continuous deep-sea sequences and ice cores provide evidence of
global climate and ice volume change at orbital driven frequencies (e.g. Barnola et al., 1987;
Shackleton et al., 1995).
There is uncertainty concerning how global-scale ice volume changes relate to ice vol-
ume change within individual areas. With respect to the δ18O proxy data, it is not yet
possible to uniquely deconvolve ice-volume from temperature effects (e.g. Barnola et al.,
1987). On high-latitude continental shelves, chronostratigraphic control is poor because of
pervasive reworking during successive cycles of ice sheet advance and retreat (Barker and
Camerlenghi, 2002; Pudsey and Camerlenghi, 1998). Erosion by grounded ice also creates
hiatuses in the shelf record (Barker and Camerlenghi, 2002). The reworking and gaps in the
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continental shelf record preclude the possibility of making continuous, high-resolution recon-
structions of glacial/interglacial cycles from the continental shelf sediment record (Rebesco
and Camerlenghi, 2008). Without good quality data from continuous sedimentary sequences,
few connections can be made between direct glacial history and proxy records. A contin-
uous, high-resolution record of Antarctic ice sheet expansion is needed to develop a better
understanding of how Antarctic ice sheet dynamics relate to global-scale climate changes.
Such a record would provide the opportunity to reconstruct Antarctica’s past glacial history
and hence permit better prediction of the future behavior of Antarctica’s ice sheet to various
scenarios of climate and/or eustatic change.
There is a widely accepted hypothesis that a continuous high-resolution record of Antarc-
tic Cenozoic glacial history exists on the continental rise (Barker et al., 1999; Rebesco et al.,
1997, 1996). According to this hypothesis, glacial/ interglacial cycles should exist on drifts,
large sediment mounds on the continental rise, in the form of laminated (glacial) and bio-
turbated (interglacial) sediment couplets.
Unsorted sediment is deposited on the outer continental shelf and upper slope when
grounded ice advances to the shelf edge (Larter and Barker, 1989). Frequent upper-slope in-
stability during glacial periods generates turbidity currents that travel down the continental
slope and deposit sediment on the continental rise (Figure 1.1) (Barker et al., 1999; Pudsey
and Camerlenghi, 1998; Rebesco et al., 1997). Suspended sediment from the turbidity cur-
rents is entrained by deep contour currents, transported and deposited along the base of the
slope. The traction- and suspesion-mode sediments move along the lower slope and conti-
nental rise. They are deposited as laminated sediments on drift mounds on the continental
rise (Barker and Camerlenghi, 2002; Camerlenghi et al., 1997; Cowan, 2001; Rebesco et al.,
1997, 2002). During glacial maxima, permanent sea ice cover limits the delivery of nutrients
to the sea floor, which restricts benthic communities (Lucchi and Rebesco, 2007; Pudsey and
2
Camerlenghi, 1998). In this way, glacial-phase deposits undergo negligible bioturbation and

















Figure 1.1: Conceptual model of drift sedimentation during glacial/ interglacial pe-
riods. Sedimentation increases during a glacial phase with downslope transport of
glaciogenic sediment derived from erosion of the inner continental shelf. Some sus-
pended load is deposited on large drifts on the continental rise as laminated strata in
the from of dilute muddy turbidities. During interglacials, grounded ice retreats from
the shelf and thus, sediment input to the continental rise is decreased. Because of
the lower supply of sediment, the top of laminated muddy turbidites are bioturbated.
Many such cycles of bioturbated-laminated (B-L) couplets are noted at Sites 1095,
1096, 1101 drift sites. (Modified from Rebesco et al. (1997).)
During interglacials, sedimentation rates on drifts are low (Cowan, 2001), because grounded
ice retreats to the inner shelf reducing sediment supply to the continental rise (Barker and
Camerlenghi, 2002; Barker et al., 1999). Within an interglacial, the absence of ice cover
permits the rainout of nutrients to the seafloor. Because of the low influx of new sediment
and the availability of nutrients, the top portion of glaical-phase laminated sediment be-
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comes bioturbated. If conditions are favorable for a large number of organisms to occupy an
extensive area, then bioturbation can be correlated over long distances (Wetzel and Werner,
1981).
Drifts should contain a bioturbated-laminated (B-L) couplet associated with each major
advance and retreat of grounded ice to the outer continental shelf. Because the drift is a
constructional feature, the record should be complete. This is significant given the difficultly
to construct high-resolution records of ice advance and retreat from the available direct
evidence on the continental shelf, where glacial erosion dominates.
The purpose of this study is to test the hypothesis that continental-rise drifts contain
a complete and high-resolution record of ice sheet expansion on the Antarctic Peninsula.
This study addresses this objective by comparing B-L couplets within coeval sections from
sediment cores taken from the drifts located on the upper continental-rise of the Antarctic
Peninsula. If a complete, high-resolution glacial record exists on the drifts then all coeval
sections should exhibit the same number of B-L couplets. In addition, this study will evaluate
whether the B-L couplets on the drifts might also coincide with global-ice volume changes
as seen in δ18O records. If the drifts record glacial/interglacial cycles then the number of
B-L couplets on the drifts should match the number of oscillations on δ18O records within
coeval sections.
To conduct this study Ocean Drilling Program (ODP) reports from Leg 178 Sites 1095,
1096, and 1101 from the upper continental rise of the Antarctic Peninsula were utilized
(Figure 1.2) (Barker, P.F., Camerlenghi, A., Acton, G.D., et al., 1999). These sites are
located on Drifts 4 and 7. Seven cores were obtained on the continental rise including: Site
1095 Holes A, B, and D and Site 1096 Holes A, B, and C, all located on Drift 7, and Site 1101
Hole A, located on Drift 4. The holes at each site were offset by 20 m. Site 1095 is located
on the northwest flank of Drift 7 at a water depth of 3,840 meters (Shipboard Scientific
Party, 1999a). Site 1095 is the distal site and is located ∼200 km from the continental shelf.
4
Materials recovered from four holes represented time from 0 to ∼10 Ma. Site 1096 is 75 km
to the SE of Site 1095 and was drilled at a water depth of 3,152 m (Shipboard Scientific
Party, 1999a). It is located ∼125 km from the shelf edge (Cowan et al., 2008) and is the
proximal site. Samples from three holes at this site span from 0 to ∼4.7 Ma. Sites 1095 and
1096 are oriented perpendicular to the continental shelf. Site 1101 has one boring that was
drilled in ∼3,280 meters of water depth. The sediments span the 0 to ∼3.1 Ma time interval.
This site is ∼500 km northeast of Sites 1095 and 1096 (Shipboard Scientific Party, 1999a)
and is a proximal site located ∼94 km from the shelf edge (Cowan, 2001; Cowan et al., 2008).
Site 1101 permits the study to evaluate changes parallel to the continental shelf.
A deep-sea sediment drift was defined by Stow et al. (2002) as being ”... a general
term for a [large-scale] sediment accumulation, of no definitive or unique geometry, that
has experienced some current control on deposition.” Drifts on the Antarctic Peninsula
continental rise are generally more than 40 km wide (Rebesco et al., 2002). All are detached
from the slope and located in front of present-day troughs (Rebesco et al., 2002). The drifts
are asymmetrical and have a wide center and narrow ends, in a dip sense, towards and
away from the lower slope (Rebesco et al., 1998). Drifts have one gentle sloping side and a
distinctly steeper side facing the southwest (Rebesco et al., 2002). The crests are ∼400 m
above the base of the adjacent channels (Rebesco et al., 2002). Truncated layers are exposed
on the steeper side of the drifts (Rebesco et al., 1998, 2002). Subsurface layers parallel the
gentle sloping side of the drift (Rebesco et al., 1998, 2002). Reflectors on the gentle sloping
side are laterally continuous (Camerlenghi et al., 1997) and can be correlated over a 400 km





















































































































Figure 1.2: The Pacific margin of the Antarctic Peninsula, showing the seismic grid
on the continental shelf and ODP Leg 178 Sites 1097, 1100, 1103 (on the continental
shelf) and 1095, 1096, and 1101 (on the continental rise located on Drifts 7 and 4).




Data for this investigation were obtained from core descriptions contained in the Initial
Results of ODP Leg 178 for Sites 1095, 1096, and 1101 (Barker, P.F., Camerlenghi, A.,
Acton, G.D., et al., 1999). The core descriptions included the following: site number, core
sections, cored depth in meters below sea floor (mbsf), the lithology of the core, a column
which indicates if the sediment was bioturbated or laminated, and a brief written description
(Figure 2.1). I tabulated the core descriptions for each hole at each site with respect to age
control based on the chronological framework of Action et al. (2002).
There are more than 1,000 core sections for the sites used in this study. Each section
averages 150 cm in length. I inspected 90 core sections, representing Sites 1095 Holes A
and D, Site 1096 Holes A, B, and C, and Site 1101 Hole A. The core sections that I evalu-
ated included segments that were described by the Shipboard Scientific Party as completely
bioturbated or completely laminated and some that included the contact between the B-L
couplets.
2.1 Definition of B-L Couplets
A cycle begins with laminated sediment and ends with bioturbated sediment. The in-
terface between the end of a couplet and the start of the new couplet marks the contact
between each B-L couplets. In this scheme, the base of a laminated section corresponds to
the onset of deposition during the time when ice was grounded at the outer continental shelf.
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2.2 Converting Meters Below Sea Floor (mbsf) to Meters Composite Depth
(mcd)
Core descriptions from Sites 1095 and 1096 were converted from mbsf into mcd using
Tables T1 and T2 from Barker (2001), respectively. Figure 2.1 is in mbsf and Figures 3.1 -
3.7 is in mcd. Mcd corrects for the offset caused by drilling multiple segments in different
drill holes Barker (2001). Sections of the core with no recovery are shown in blue and
sections not cored are orange (Figures 3.1 - 3.7). Figures 3.1 - 3.7 show lamination in white
and bioturbation in black. Figures 3.1 - 3.7 shows the stratigraphic column for each hole.
Sections of the core that overlap are shown as two core segments placed side-by-side, see
Figure 3.1. The lower of the top section (4H) is on the left and the beginning of the bottom
section (5H) is on the right (Figure 3.1). More detail on converting mbsf to mcd is provided
in Appendix A.
2.3 δ18O Records
δ18O records from Leg 138 Site 846 Shackleton et al. (1995) and Site 849 Mix et al.
(1995) and Leg 162 Site 982 Hodell et al. (2001) were used for comparison with Leg 178
B-L couplets. The sampling interval was 10 cm at Site 846 Shackleton et al. (1995). Hodell
et al. (2001) sampled at 5 or 10 cm, depending on the sedimentation rate, which allowed for
a 2,500-year resolution. The raw data for each δ18O curve were smoothed using a 5-point
running average as reported in Hodell et al. (2001); Shackleton et al. (1995); Mix et al.
(1995). These high-resolution δ18O records span the same age interval cored at Sites 1095,
1096, and 1101. Shackleton et al. (1995) numbered glacial events, for all of the sub-chrons at
Site 846. Glacial events were not numbered from Sites 849 and 982. Every significant peak
value on the δ18O record for these sites was counted as a glacial event. The average number
of glacial events was calculated for each sub-chron of the δ18O curves. The number of δ18O




































































SILTY CLAY and CLAY with FORAMINIFER-BEARING SILTY CLAY
Section 1, 0-86 cm: Dark gray (5Y 4/1) silty clay , soupy to very 
disturbed 0-45 cm by drilling; faint lamination, moderate 
bioturbation.
55-57 cm: Ice rafted debris and scattered sand grains.
86-105 cm:  Foraminifer-bearing silty clay, greenish gray (5GY 5/1) 
with scattered sand grains.
Section 1, 105 cm to Section 2, 80 cm: Clay, dark gray and dark 
greenish gray (5Y 4/1, 5GY 4/1), structureless except for moderate 
bioturbation.  Few scattered sand grains, especially Section 1, 
110-124 cm and Section 2, 43-55 and 19-35 cm  in thin layers.
Section 2, 80-95 cm: Very dark gray (5Y 4/1) fine sand, scoured 
base, and gradational bioturbated top. 
95-150 cm: Clay without scattered sand grains. Many thin (2-5 mm) 
graded sharp-based silt laminae, with a few tiny burrows. Clay is 
dark grayish brown (2.5Y 4/2) and silt laminae are olive gray (5Y 4/2).
Section 3, 0-29 cm: Silty clay, very few scattered sand grains, 
moderate bioturbation, dark grayish brown (2.5Y 4/2). Thin graded 
silt at 3-4 cm.
29-102 cm: silty clay, dark grayish brown (2.5Y 4/2) with faint parallel 
laminations and thin graded silt laminae at 33, 46, 55, 69, 72, and 74 
cm. Silts have micro-burrowed bases but overall bioturbation is very 
minor.
76-79 cm: Graded very fine sand, sharp base, slightly scoured. A 
burrow fill of sand occurs just below the base.
Section 3, 102 cm to Section 4: Burrow mottled to laminated silty 
clay and clay dark grayish brown to olive gray (2.5Y 4/2, 5Y 4/2), 
some scattered sand grains, some beds disrupted by minor 
bioturbation. Graded silts in Section 4, 12, 44, 91, 95, and 96 cm.
Section 4, 57-80 and 120-150 cm: Mottled burrows.
Section 5, 0-105 cm: Clay with abundant thin (1-8 mm) graded silt 
laminae with sharp-bases. Micro-faulting disrupts some beds. Main 
color is dark gray (5Y 4/1), silt laminae are darker or lighter.
105-135 cm: Clay with one graded silt at 123 cm.
Section 5, 135 cm to Core Catcher: Clay, dark gray and dark 
greenish gray (5Y 4/1, 5GY 4/1). Scattered sand grains; silt 














Figure 2.1: ODP Leg 178 Core description of Site 1095 Hole A Core 5H. The gray
shaded intervals show the intervals at which the Shipboard Party (SBP) noted bio-
turbation. In this core segment, the SBP noted bioturbation at several discrete levels.
This permits the identification of 12 B-L couplets. Photos on the left and right side
of the Visual Core Description panel correspond to the yellow highlighted portions of
core segment 5H. The photo on the left is from a bioturbated interval. The photo on





Figures 3.1 -3.7 illustrate the stratigraphic column for the each core location used in this
study. The column to the left is the depth (mcd) of each hole drilled. In the next column,
the core segment, indicate each segment of the boring. The bioturbated intervals are in the
next column with bioturbation represented in black, lamination in white, sections that were
not cored in blue, and sections with no recovery in orange, as discussed above. Sections
of the core that overlap are shown as two core segments placed side-by-side, see Figure 3.1
sub-chron C1r.3r. The lower of the top section (4H) is on the left and the beginning of the
bottom section (5H) is on the right (Figure 3.1). The total number of B-L couplets within
a sub-chron is in the next column. Next is the column with sub-chrons, which provide the
chronologic framework for this study. The age for each change in polarity is marked in the
column to the left of the sub-chrons. The last column to the left is the sedimentation rate for
the time interval cored. These figures are used to show the number of B-L couplets within
each sub-chron. The number of B-L couplets were taken and put into tables to compare the
number of couplets within coeval sections.
3.1.1 Site 1095 Hole A
In Hole A Site 1095, magnetostraigraphy chrons C1n through C2An.3n were repre-
sented (Figure 3.1). The average sedimentation rate was low, varying from 19.5 m/m.y.
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to 35.7m/m.y. The number of B-L couplets observed per sub-chron ranged from 0 to 14.
The distribution of the couplets was not regular. Some intervals such as C1n had as many as
13 couplets in sediments spanning 0.78 Ma. In others, there were six couplets deposited in
0.21 Ma (C1r.1r). One interval representing ∼2.20 to ∼2.70 Ma possessed no couplets (Core
Segment 7H and top of 8H).
3.1.2 Site 1095 Hole B
Site 1095 Hole B covers much larger and older intervals than the other sites in this study.
The data from this site was compared with the δ18O record. The paleomagnetic sub-chrons
included C2An.3n- C4Ar.3r, spanning from 3.330 to ∼9.8 Ma. The average sedimentation
rates at this site is much higher and varies more than at Site 1095 Holes A and D. In sub-
chron C4r.1n the sedimentation rate increases to ∼300 m./m.y. and there are only three
B-L couplets in this interval. There are many B-L couplets clustered together through out
the core, see Figure 3.2 sub-chrons C3n.1n -C3n.2n. During sub-chrons C3Bn -C3Br.2n and
C4n.2n there are large deposits of laminated sediment more than 20 m thick and in both
sub-chrons C4Ar.1r and C4Ar.1n have a bioturbated layer larger than 10 m.
3.1.3 Site 1095 Hole D
Site 1095 Holes A and D cover the same interval. Even-though Holes A and D have the
same sedimentation rate, Hole D has much larger bioturbated intervals, for example core
segment 7H in Figure 3.3. That layer of sediment is 6 m thick and took place from ∼2.50 to
∼2.60 Ma. There is also a laminated layer of sediment ∼10 m thick in core segment 6H from
2.150 to 2.420 Ma.
3.1.4 Site 1096 Hole A
The magnetostratigraphy of Site 1096 Hole A covers sub-chrons C1n to C1r.3r which
spans from present to 1.77 Ma. Even though this core shared the same sub-chrons as Holes
A and D of Site 1095, the hole penetrated deeper into the subsurface (Figure 3.4). There is
11

































































































































Figure 3.1: Site 1095 Hole A Stratigraphic Column illustrating numbers of B-L cou-





















































































































































































































Figure 3.2: Site 1095 Hole B Stratigraphic Column illustrating numbers of B-L cou-
plets in each magnetostratigraphic chron, absolute age, and average sedimentation
rate. 13






























































































































Figure 3.3: Site 1095 Hole D Stratigraphic Column illustrating numbers of B-L cou-
plets in each magnetostratigraphic chron, absolute age, and average sedimentation
rate. 14
still an irregular pattern of B-L couplets in this core. This location also has large packages
of bioturbarted and laminated sediments and there are no small clusters of a sediment types.
The average sedimentation rate is 85.5 m/m.y.
3.1.5 Site 1096 Hole B
Hole B at Site 1096 shares most of the sub-chrons at Hole A but penetrates is a few
hundred meters deeper. In C2An.1n the sedimentation rate increases to an average of 181
m/m.y. and there are only two B-L couplets in that sub-chron, there is also a large layer of
laminated sediment at the top of sub-chron (Figure 3.5). The B-L couplets are thick with
thin laminated layers of sediment in sub-chrons C1r.1r to C1r.3r, where the sedimentation
rate is ∼100 m/m.y. Sub-chrons C1n, C2r.2r, and C2r.3r are mostly made up of laminated
sediment.
3.1.6 Site 1096 Hole C
The top of Hole C and the bottom of the other holes in this study are coeval, however
a large amount of the section in Hole C had no recovery. Much of the top sections could
not be used in the comparisons below. The sedimentation rate varies throughout the hole,
the average sedimentation rate between C1r.3r and C2r.3r is 85.5 m/m.y. and the between
C2An.1n and C3n.2r is 181 m/m.y (Figure 3.6). The thickness of the laminated and biotur-
bated sediments vary at this location. In sub-chron C2An.1n, when the sedimentation rate
increase above 200 m/m.y. there are 17 B-L couplets. This sub-chron is a long sub-chron
which last from 2.581 to 3.040 Ma. In smaller sub-chrons, that also have a sedimentation
rate above 200 m/m.y., there are fewer numbers of B-L couplets, see C2An.2r, C3n.1n, and
C3n.2n in Figure 3.6.
3.1.7 Site 1101 Hole A
The sedimentation rate at Hole A Site 1101 is fairly constant, the average sedimentation
rate is 71.9 m/m.y. Large layers of laminated sediment separate multiple layers of biotur-
15








































































































Figure 3.4: Site 1096 Hole A Stratigraphic Column illustrating numbers of B-L cou-
plets in each magnetostratigraphic chron, absolute age, and average sedimentation
rate. 16



































































































































Figure 3.5: Site 1096 Hole B Stratigraphic Column illustrating numbers of B-L cou-
plets in each magnetostratigraphic chron, absolute age, and average sedimentation
rate. 17



























































































































































Figure 3.6: Site 1096 Hole C Stratigraphic Column illustrating numbers of B-L cou-
plets in each magnetostratigraphic chron, absolute age, and average sedimentation
rate. 18
bation, see core segment 4H -6H, 11H 14H, and 17X -20X in Figure 3.7. These layers are
between ∼5 to ∼40 m thick. C1n has sedimentation rate of about 70 m/m.y. with nine B-L
couplets, the sedimentation rate at C2An.1n is about 100 m/m.y. and there are also nine
B-L couplets in this sub-chron. Between 1.770 and 1.950 Ma, in C2n, the sedimentation rate
decreases to ∼50 m/m.y. with two B-L couplets.
3.2 Data Comparison
The first comparison was between coeval sections at a single site, then for coeval sections
at Drift 7 Sites 1095 and 1096, and finally coeval sections from Drift 7 (Site 1095 and 1096)
and Drift 4 (Site 1101). In addition, I compared the B-L couplets on Drifts 4 and 7 to δ18O
data from Sites 846 and 849 of Leg 138 and Site 982 of Leg 162.
Tables 3.1 -3.5 show the comparisons between the different sites with coeval sections. An
asterisk indicates sub-chrons that did not have any data, due to sections of the core that
were not cored or had no recovery; the sub-chrons with the asterisk were not included in the
study.
Matching B-L couplets were established if the number of couplets in the same sub-chron,
had the same total number or differed by +/- one digit from each other. If more than two
holes were compared, then an average number of B-L couplets were taken for each sub-chron
shared between the holes. In this case, the total number of couplets within a sub-chron at
each location had to have the same number or differed by +/- one digit from the average
number of B-L couplets within that sub-chron to establish a match. This study rejects any
zero-to-zero or one-to-zero matches, because zero indicates that there are no events in that
sub-chron, however, this is a misrepresentation since half of a B-L couplet may be present
in that sub-chron.
The percentages given in this study were calculated by taking the total number of sub-
chrons that had a similar number of B-L couplets and dividing it by the total number of
















































































































































Figure 3.7: Site 1101 Hole A Stratigraphic Column illustrating numbers of B-L cou-
plets in each magnetostratigraphic chron, absolute age, and average sedimentation
rate. 20
Table 3.1: B-L couplets in coeval section at Site 1095 Holes A and D on Drift 7.
Chron and Sub-chron
Site 1095



























3.2.1 Data Comparison at Site 1095 Holes A and D on Drift 7
Holes A and D at Site 1095 exhibited twelve coeval sub-chrons, C1n thru C2An.1r (0 Ma
-3.22 Ma). Hole B data were not included in this comparison because it covers sediments
much older than from Holes A and D. In general, Hole D has fewer B-L couplets than Hole A.
Sub-chron C2An.1n has a similar numbers of B-L couplets, but C1n, C1r.1r, C1r.3r, C2r.1r,
and C2r.3r do not (Table 3.1). Sub-chrons C1n and C1r.3r have the highest number of B-L
couplets, fourteen and fifteen B-L couplets in Hole A, respectively, and have the largest
numerical discrepancy from Hole D (Table 3.1). For the twelve coeval sections at Site 1095,
one sub-chron had a similar number of couplets. There is an overall 8% agreement in the
number of B-L couplets within coeval sections between Holes A and D.
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Table 3.2: B-L couplets in coeval section at Site 1096 Holes A and B on Drift 7.
Chron and Sub-chron
Site 1096












3.2.2 Data Comparison at Site 1096 Holes A and B on Drift 7
Six coeval sub-chrons are shared among Holes A and B at Site 1096. Hole C was not
included in the comparison, because even though both Hole B and Hole C shares sub-chrons
C1r.3r-C2r.3r, Hole C was not cored continuously through this time period. Sub-chrons C1n,
C1r.1r, and C1r.3r all had a similar number of B-L couplets and C1r.1n-C1r.2r do not (Table
3.2). Three of the six sub-chrons had a similar number of B-L couplets, i.e., a 60% match.
3.2.3 Drift 7 (Comparisons Between Sites 1095 and 1096)
Sixteen sub-chrons are coeval among the holes drilled at Sites 1095 and 1096. The
number of B-L couplets vary from hole to hole and sub-chron to sub-chron and there is no
recognizable pattern. Sub-chrons C1r.1n, C1r.2r, C2n, C2r.2r, and C2r.3r all match the
average number of B-L couplets (Table 3.3). Five of the sixteen sub-chrons had a similar
number of B-L couplets, i.e., a 31% agreement in the number of B-L couplets within coeval
sections (Table 3.3).
3.2.4 Drift 7 and Drift 4 (Comparison Between Sites 1095, 1096 and Site 1101)
The next comparison was between Drifts 7 (Sites 1095 and 1096) and Drift 4 (Site 1101).
The core for these sites have fourteen sub-chrons in common. The highest number of B-L
couplets vary from hole-to-hole and site-to-site. The average number of couplets is not more
than eight; however, there are three intervals, Site 1095 Hole A sub-chron C1n and C1r.3r and
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Site 1096 Hole C sub-chron C2An.1n, with B-L couplets greater than twelve couplets (Table
3.4). A large number of the sub-chrons did not match the average number of B-L couplets.
Only two of the fourteen coeval sub-chrons in this drift-to-drift comparison matched, with a
14% agreement in the number of B-L couplets within coeval sections (Table 3.4).
3.2.5 δ18O Record Compared to the B-L Couplets on the Drifts
The comparison between the B-L couplets on the drifts and the δ18O, which is a global
proxy record of ice volume is presented in Table 3.5. In this comparison, the combined δ18O
data represent 43 sub-chrons observed in the drift sediment, which covers 0 to ∼10 Ma (Table
3.5). The δ18O at Leg 162 Site 982 covers bottom half and Leg 138 Sites 846 and 849 covers
the top half of the comparison. On average the δ18O exhibits more glacial events than the
sediment record at the drift sites. Among the forty-three coeval sub-chrons, thirteen of them
shared the same average number of ”glacial” events (Table 3.5). About 32% of the time the



























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































The lack of agreement in the number of B-L couplets between coeval sections was not
expected and the number of B-L couplets could not be correlated with the δ18O record.
The regional comparison of the sites, for coeval sections of the cores, was only in agreement
14% of the time and the δ18O record agreed 32% of the time. The percentage of sub-chrons
with the same number of B-L couplets is too low to accept the hypothesis that B-L couplets
represent a high-resolution record of glacial/interglacial cycles. If the drifts record regional
ice sheet advances to the shelf margin through B-L couplets then coeval sections should have
had the same number of couplets, however the results of this study disproves that statement.
This has lead to the conclusion that the hypothesis is false, the B-L couplets on the drifts are
not a record of the Antarctic Peninsula Cenozoic glacial history. In addition, the comparison
between the δ18O record and the B-L couplets also showed a low agreement between coeval
sections. If the drifts recorded glacial/interglacial cycles then the average number of B-L
couplets should have matched the glacial events on the δ18O record, however, the result of
this comparison disproves that statement.
There is no obvious pattern of matches between B-L couplets within coeval sections or
within δ18O oscillations within the data as illustrated in Figures 4.1 and 4.2. The approx-
imate age for each B-L couplet at Sites 1095 Holes A and D, Site 1096 Holes A, B, and C
and Site 1101 Hole A are shown in Figures 4.1 and 4.2 as a horizontal line. In addition
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to the age of the B-L couplets Figure 4.2 includes the δ18O recored from Leg 138 Sites 846
and 849. The numbers represent the total number of B-L couplets or glacial events at each
site for each sub-chron. The B-L couplet contacts rarely occur at the same time within a
sub-chron in different holes. For example, in C2A.1n, the first sub-chron of chron C2A, the
B-L couplets in Site 1095 Hole A and Site 1096 Hole C are clustered at the top of the sub-
chron, however, at Site 1095 Hole D and Site 1101 Hole A the couplets are clustered in the
middle of the sub-chron, see Figure 4.1. Also, high sedimentation rates do not correspond
to a large number of B-L couplets. For example, Site 1095 Hole B sub-chron C4Ar.1n has
a ∼300 m./m.y sedimentation rate and there are only three B-L couplets in this sub-chron
(Figure 3.2 and 4.1). Other examples include Site 1096 Hole B sub-chron C2An.1n and
(Figure 3.2 and 4.1) Site 1096 Hole C sub-chrons C2An.2r, C3n.1n, and C3n.2n (Figure 3.6
and 4.1). The periodicity of the B-L couplets are not consistent from hole-to-hole nor do
the B-L couplets match the periodicity of the δ18O record (see, Figure 4.2). This mismatch
proves further evidence that B-L couplets are not recording glacial/interglacial cycles.
4.1 Amalgamation of Glacial Cycles
The drifts may not be a reliable recorder of glacial/interglacial cycles for several reasons.
These include: lack of bioturbation, intense bioturbation, the location of the drill site on
the drift, and variable sediment supply to the outer shelf and upper slope during a glacial.
These reasons are discussed below.
4.1.1 Lack of Bioturbation
Laminated sediment deposited during a glacial period must be capped by bioturbated
sediment to be recognized as a B-L couplet and hence represent a cycle of advance and
retreat. If no bioturbation occurs, then laminated sediments from two discrete glacial events
will amalgamate and be counted as one phase of glacial deposition. Variable amalgamation
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allow B-L couplets to accurately reflect the actual number of events. Reduced of bioturbation
at any area may result from a patchy distribution of benthic organisms. If this phenomena
is common, the number of B-L couplets will be less than the actual number of glacial cycles.
For the B-L couplet hypothesis to be valid, benthic organisms must populate the sea
floor in sufficient density to uniformly bioturbate the region to a recognizable degree. The
population density is largely controlled by the supply of sediment, nutrients, and oxygen.
Large changes in sedimentation rates will cause a decrease in population density (Wetzel,
1991). However, if both the nutrients and oxygen levels are high, then the population density
and bioturbation intensity generally increases (Wetzel, 1991).
Benthic organisms do not inhabit the sea floor evenly and are known to have a patchy
distribution. Wetzel and Werner (1981) estimate that one Zoophycos organism lives in ∼1
m2, the maximum density of organisms that would live on the deep sea floor. Bioturbation is
also dependent on the life span of the trace maker. Longer living trace makers will bioturbate
larger areas Herringshaw and Solan (2008). Considering the life span of the organism, the
population density estimate decreases to one organism per ∼100 m2, which is the minimum
number of Zoophycos individuals to live on the sea floor (Wetzel and Werner, 1981). Given
these estimates, there might be one organism in an area between ∼1 m2 to ∼100 m2 of the sea
floor. Because large areas are left unpopulated, trace-making organisms may leave large areas
un-bioturbated. Patchy distribution of benthic organisms clearly allows the amalgamation
effect to obscure correlations between sites.
Some time must pass for organisms to swarm or reoccupy an area (Wetzel, 1991). The
swarming effect is necessary to allow the entire surface of the drift to be completely bio-
turbated during an interglacial period. Assuming that benthic organisms would perish or
find refuge during the glacial-phase when sediment is delivered to the dirft sites, it is not
clear how much time is needed to re-inhabitat the drift. Thatje et al. (2006) concluded
that the time for the re-establishment of benthic communities on the shelf may exceed the
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time between successive advances of grounded ice to the shelf edge. If re-habitation and the
swarming effect exceed the time between ice expansions, then the amalgamation of laminated
sediments from successive glacial periods is likely. Since the frequency of glacial events are
large the mismatch is probably not caused by insufficient time to permit organisms to swarm
or reoccupy the drift.
4.1.2 Intense Bioturbation
Glacial sediment deposited on the drifts needs to be thicker than the depth to which trace
makers can penetrate, otherwise the trace maker may completely destroy the laminated layer.
For example, a Zoophycos trace maker can bioturbate up to 1 m deep (Wetzel and Werner,
1981), which could totally destroy a laminated layer less than 1 m thick. Borrowing depths
depend on food availability, oxygen level, and substrate hardness (Wetzel, 1991). Fewer
nutrients on the ocean floor force bioturbators to burrow deeper into the sediment in search
of nutrients. With higher oxygen levels, bioturbators are able to burrow deeper because the
borrow tunnels stay well oxygenated (Wetzel, 1991). Lucchi and Rebesco (2007) agreed that
the absence of bioturbation may be a reflection of low nutrient supply and reduced oxygen
caused by permanent sea-ice coverage. In this line of reasoning, non-bioturbation layers
are a proxy for sea-ice coverage, as opposed to glaical-phase sedimentation, because sea-ice
controls the volume of nutrients falling out of the water column.
It is important to note that slow sedimentation rates can impact whether a laminated
layer is preserved. The rate of sedimentation during a glacial period must be higher than the
trace makers ability to adapt to the environmental change (Wetzel, 1991) or else no laminated
sediment will be preserved. Also, sedimentation should be significantly continuous thru the
glacial period, otherwise a benthic community may remain in the area for a long enough
time to bioturbate the section and destroy lamination.
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4.1.3 The Location of the Drill Site on the Drift
The drifts on the upper rise of the Antarctic Peninsula are asymmetrical and each varies
slightly in morphology (Rebesco et al., 1998, 2002). As the gentle sloping side tapers off to
merge with the abyssal plan, the thickness of the sedimentary beds may thin and pinch out
(see Figure 6 in Barker et al. (1999)). Closer to the drift crest, for example at Site 1096,
younger and more expansive packages deposited at high sedimentation rates are found (see
Figure 7 in Rebesco et al. (2002)). Younger sections are thinner, with slower sedimentation
rates are recovered at distal Site 1095 Barker (2001) and Rebesco et al. (2002). Reduction in
sediment thickness, because of the site location, exposes sediment deposited during a glacial
period to a greater chance of being destroyed by bioturbation with all other factors being
equal.
Lucchi and Rebesco (2007) showed that thicker and well developed glacial sediment
packages exist closer to the Alexander Channel than at the crest of Drift 7. Overflow of
turbidity currents creates a nepheloid layer that is controlled by ocean currents. Nepheloid
layers produce laminated sediment (Lucchi and Rebesco, 2007). The affect of the bottom
currents on the transportation of the nepheloid layer decreases with increased distance from
the channel (Lucchi and Rebesco, 2007). This causes lamination to be well developed in
sites closer to the channel. If laminated layers were not well developed at the drift crest,
they may have been mistakenly identified as bioturbated sediment.
4.1.4 Change in the Sediment Supply to the Outer Continental Shelf
The hypothesis presumes that a considerable amount of sediment is uniformly deposited
on the drifts during a glacial period. However, the sediment supply to the drifts may have
varied during a glacial (Rebesco et al., 2002). Change in the sediment supply partly depends
on the position of the ice sheet grounding line and the speed of the ice streams (Barker
et al., 1999). During a glacial maximum, grounded ice extends to the continental shelf
margin (Barker and Camerlenghi, 2002; Barker et al., 1999), and ice streams erode inner
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shelf sediments (Barker and Camerlenghi, 2002; Barker et al., 1999; Camerlenghi et al.,
2002; Canals et al., 2002; Rebesco et al., 1998, 1997). As ice stream velocity changes,
depositional rates to the outer continental shelf and upper slope should also vary. While
continuous sediment must be deposited on the upper slope to trigger an interval of frequent
slope failures, the frequency of slope failures is unknown (Rebesco et al., 1996; Thatje et al.,
2006).
Turbidity currents distribute large volumes of sediment, but these are point-sourced and
hence the point of entry partly controls where on the drift sediment is received. Likewise,
the entry point controls the thickness distribution for discrete turbidite events. If not suf-
ficiently thick, the laminated layer may be removed by slight bioturbation, whereas heavy
bioturbation may not affect a significant proportion of a thick part of the same turbidite
sequence.
Lateral migration of troughs on the shelf thru time may not cause a complete cut off of
sediment to the drift, because suspension mode sediment is transported along the rise by
contour currents. However, the source of the sediment will control the location of thickest
part (and thin tapers) of a turbidite layer. The net result is a variable sediment rate to differ-
ent parts of the drift. Zones with low sediment accumulation rates may be more susceptible
to being destroyed by moderate bioturbation.
4.2 Reproduction of Sites 1095, 1096, and 1101 Stratigraphy
In addition to the comparison made in this study a visual inspection was done for 90 core
segments from Site 1095 Holes A and B, Site 1096 Holes A, B, and C, and Site 1101 Hole
A. Of the 90 core sections that were visually inspected, the observations agreed with the
Shipboard Scientific Party for only 47 of the 90 core sections. Lamination was apparent in
some of the core sections, but there were also structurless sections. Structureless sediment
makes it difficult to pick the contact between B-L couplets. The core descriptions from the
Shipboard Scientific Party could not be reproduced. The appearance of sediment structures
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in core may have faded over time from exposure to oxygen and dessication. The same
sediment structures were not readily observed in fresh sediment 10 years earlier.
A set of criteria should be determined to classify sediment as bioturbated, laminated,
or structureless. Following a set of criteria will help to decrease subjectivity in determining
laminated versus bioturbated sediment structures. X-radiography are often helpful in deter-
mining sediment structures in the cores, because X-rays show sediment structures that may
not be visually observed.
In the observations, no specific trace fossils were distinguish. However, the Shipboard
Scientific Party of ODP Leg 178 indentified four types of trace fossils: Chondrites, Planolites,
Nereites, and Zoophycos. If the recent observations had been used in this investigation the




The data in this study exhibit poor agreement in the number of B-L couplets in coeval
sections in ODP Leg 178 Sites 1095, 1096, and 1101. Therefore it is unlikely that the B-L
couplets on sediment drifts on the continental rise of the Antarctic Peninsula are reliable
recorders of grounded ice to the outer continental shelf. The hypothesis by Rebesco et al.
(1997) which states that glacial/interglacial cycles should exist on drifts in the form of
laminated and bioturbated sediment couplets could not be validated because correlation of
B-L couplets in coeval sections parallel and perpendicular to the shelf edge could not be
established. Drilling locations as close as 20 m did not display correctable sections. B-L
couplets were not recurring at a constant pace and were more abundant in some sections.
Given that the expected number of cycles from δ18O records was not matched by the
same number of B-L couplets precludes us from determining whether Antarctic Peninsula
Ice Sheet fluctuations are in sync with global ice-volume change. The lack of agreement
indicates other processes unrelated to glacial dynamics must have ”produced” and affected
the B-L couplets. This study attributes the disagreement in the number of the B-L couplets
to amalgamation of laminated sediment or variable deposition at each location.
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Appendix A: Methodology Details
To conduct this experiment the core descriptions in Figure 2.1 were reformatted into
Figures 3.1 -3.7. Core descriptions were reformatted to correct for the offset due to the
drilling process Barker (2001). More detail is provided below, which explains how Figures
3.1 -3.7 was generated.
Converting Meters Below Sea Floor (mbsf) into Meters Composite Depth (mcd)
To convert mbsf into mcd Tables T1 and T2 were used from Barker (2001) for Site 1095
and Site 1096, respectively. Tables T1 and T2 of Barker (2001) include the same-cored
sections seen on the core descriptions of the Initial Report of ODP Leg 178. The tables also
include the top of the sections in both mbsf and mcd. The bottom of a cored section was
determined by taking the difference of the top and bottom in mbsf of the section and adding
the difference to the top of the section in mcd as shown below,
bmbsf − tmbsf = x + tmcd = bmcd (1)
where t is the top of the section, b is the bottom of the section, and x is the cored section
thickness.
Identification of Core With No Recovery
Perfect recovery was not achieved during Leg 178. The recoveries at Site 1095 Holes A,
B, and D were respectively 99.1%, 79.2%, and 93.3% and at Site 1096 Holes A, B, and C
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were respectively 84.4%, 80.5%, and 84.2% Barker (2001). To determine the thickness of
the cored section with no recovery, Table T1 from the Shipboard Scientific Party (1999a,b,c)
was used. The top of the cored section with no recovery was calculated by multiplying the
percentage recovered by the cored section thickness, then adding the recovered core thickness
to the top of the section. The following equation was used
r ∗ x = h + tmcd = n, (2)
where r is the percentage of recovery, h is the thickness of the sediment recovered in the
barrel, and n is the top of the cored section with no recovery. If the recovery was less than
100% and n is not equal to bmcd then n is equal to the top of the cored section with no
recovery. Sections of the core with no recovery are indicated in Figures 3.1 -3.7 in blue.
Identification of Sections of the Subsurface Not Cored
During the drilling process some of the subsurface was not cored, which is represented
in orange (Figures 3.1 -3.7). If the bottom of the section, zbmcd, is not equal to the top of
the next section, z+1tmcd, and zbmcd is less than z+1tmcd, then the sediment between zbmcd and









z bmcd = q, (5)
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where z is the section of the core and q is the thickness of a sediment layer that was not
cored
Identification of Overlapping Core
Because of the offset during the drilling process, sections of the core frequently overlap.
This is represented as two core sections placed side by side for the overlapping segment
(Figures 3.1 -3.7). Overlapping cores are recognized when zbmcd is not equal to the top of
the next section, z+1tmcd, and bmcd is greater than z+1tmcd, which follows the equations below:





z+1 tmcd = l, (7)
where l is the thickness of the overlap.
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Appendix B: Age Estimation
An approximate age for the B-L couplets was estimated by interpolation between pa-
leomagnetic chron ages. The interpolation between paleomagnetic ages was based on the
estimated sedimentation rate for the chron (Action et al., 2002). Detail of the age-estimation
procedure can be found below. Tables in Appendix C report ages of the B-L couplets. The
age data in the tables are shown graphically on a linear timescale in Figures 4.1 and4.2. Each
horizontal line in the figures represents the onset of a B-L couplet at a specific age (Ma).
Normal polarity sub-chrons are shown in gray and reversal polarity sub-chrons in white, see
Figures 4.1 and4.2. The number of B-L couplets for each normal and reversed sub-chron
for each hole were counted. The age of B-L couplets from coeval paleomag sub-chrons were
compared.
To estimate the age of the B-L couplet, sedimentation rates were taken from Tables T1,
T2, and T3 of Action et al. (2002) for Sites 1095, 1096, and 1101, respectively. The sedimen-
tation rates were calculated using the identifiable polarities within the magnetostratigraphy,
sampled at 1 to 2 cm intervals. The magnetostratigraphy is consistent with the Geomagnetic
Polarity Time Scale (GPTS) and the projected polarities seen in the biostratigraphy data
(Action et al., 2002). The sedimentation rates remain constant within a paleo–sub-chron;
however, the resolution is still within a few hundred thousand years (Action et al., 2002).
The tables from Action et al. (2002) provided the age for the base of an interval of




+ atop = abottom; (8)
where w it the thickness of the interval, s is the sedimentation rate, and a is the estimated
age. The results of the age estimation are reported in (Appendix C).
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Appendix C: Age Estimation for the B-L
Couplets
Table C.1: Depth and Age of B-L Couplets for Site 1095.
Site 1095
Hole A Hole B Hole D
Depth (mcd) Age (Ma) Depth (mcd) Age (Ma) Depth (mcd) Age (Ma)
1.74 0.08 84.28 3.32 6.23 0.34
3.18 0.15 85.20 3.34 11.35 0.55
5.52 0.27 91.49 3.49 11.95 0.58
13.75 0.67 111.29 3.96 13.57 0.66
13.89 0.68 114.08 4.02 19.12 1.06
14.23 0.69 115.52 4.06 21.39 1.17
14.31 0.70 118.94 4.14 23.78 1.28
14.54 0.71 128.71 4.28 26.87 1.42
14.65 0.71 131.00 4.33 33.30 1.71
14.77 0.72 134.04 4.42 34.20 1.69
14.85 0.72 137.53 4.51 35.00 1.79
14.97 0.73 141.96 4.60 35.40 1.82




Hole A Hole B Hole D
Depth (mcd) Age (Ma) Depth (mcd) Age (Ma) Depth (mcd) Age (Ma)
16.39 0.81 144.61 4.78 40.35 2.08
16.49 0.83 148.39 4.91 53.50 2.53
16.57 0.83 153.19 4.95 54.68 2.57
16.71 0.85 153.80 4.96 62.26 2.73
16.82 0.86 162.28 5.08 64.04 2.76
16.95 0.87 165.95 5.13 65.83 2.80
22.69 1.23 167.78 5.16 66.61 2.82
23.31 1.26 169.11 5.18 67.14 2.83
25.02 1.33 171.39 5.22 69.96 2.88
27.30 1.44 172.47 5.23 71.00 2.90
29.35 1.53 183.74 5.46 71.75 2.92
29.50 1.54 186.51 5.52 78.23 3.12
29.72 1.55 191.93 5.63
30.08 1.56 195.98 5.72
30.89 1.60 199.88 5.80
31.52 1.63 209.43 5.98
31.95 1.65 211.29 6.01
32.47 1.67 238.03 6.34
34.26 1.75 242.81 6.41
34.61 1.77 244.30 6.44
37.36 1.95 246.71 6.48




Hole A Hole B Hole D
Depth (mcd) Age (Ma) Depth (mcd) Age (Ma) Depth (mcd) Age (Ma)
40.35 2.08 276.61 6.83
41.09 2.11 319.49 7.53
48.35 2.35 322.86 7.60
59.16 2.66 326.25 7.65
59.58 2.67 327.75 7.68
59.98 2.68 329.53 7.71
60.17 2.68 351.50 8.08
61.03 2.70 359.64 8.19
61.60 2.71 363.87 8.21
68.89 2.86 369.93 8.32
77.54 3.04 383.01 8.49
78.32 3.13 390.33 8.58
78.63 3.18 392.74 8.61
79.38 3.18 398.54 8.65











Hole A Hole B Hole D




Table C.2: Depth and Age of B-L Couplets for Site 1096.
Site 1096
Hole A Hole B Hole C
Depth (mcd) Age (Ma) Depth (mcd) Age (Ma) Depth (mcd) Age (Ma)
7.70 0.11 6.55 0.09 121.09 1.50
22.45 0.31 15.83 0.22 121.72 1.51
23.97 0.33 28.29 0.39 122.75 1.52
27.99 0.39 47.17 0.66 199.14 2.38
28.26 0.39 49.65 0.69 211.82 2.50
47.21 0.66 50.97 0.71 217.09 2.55
55.00 0.76 61.95 0.84 220.14 2.58
65.62 0.89 73.15 0.97 222.40 2.59
66.25 0.89 94.66 1.21 222.75 2.59
76.12 1.00 103.30 1.30 226.65 2.61
79.96 1.04 116.30 1.45 229.76 2.62
83.23 1.08 119.76 1.48 229.97 2.62
87.14 1.12 119.92 1.49 230.62 2.63
100.39 1.27 120.01 1.49 231.05 2.63
102.22 1.29 148.35 1.82 232.17 2.63
103.56 1.31 155.60 1.95 232.82 2.64
117.99 1.47 159.48 1.99 263.51 2.78
134.08 1.64 161.91 2.02 265.44 2.78
168.39 2.09 274.33 2.82
169.49 2.10 274.61 2.83




Hole A Hole B Hole C
Depth (mcd) Age (Ma) Depth (mcd) Age (Ma) Depth (mcd) Age (Ma)
219.33 2.57 283.38 2.87
251.23 2.72 285.54 2.88























Hole A Hole B Hole C















Table C.3: Depth and Age of B-L Couplets for Site 1101.
Site 1101
Hole A
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